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SUMMARY 
An investigation of brazed and welded tube connections for  
space vehicle use was conducted. Three  connection types (Aeroquip 
brazed, GE brazed, and MSFC welded) were  subjected to  a s e r i e s  of 
environmental t e s t s .  Sizes  tes ted ranged f r o m  114-inch d iameter  to 
1 112-inch diameter  tubing. A total  of 416 specimens were subjected 
to 2, 395 t e s t s .  
All th ree  connection types m e t  t e s t  procedure requirements  
when subjected to the Proof P r e s s u r e ,  Leak, Storage, Extended 
Pressurizat ion,  LN2 Temperature Soak, + 500 O F  Temperature Soak, 
Impulse, Tensile,  and Burst  P r e s s u r e  T e s t s .  All of the brazed 
connections and none of the welded connections exhibited corrosion 
due to the Corrosion Tes t .  Acceptable s t r e s s  levels were  tabulated 
f o r  connections subjected to  Vibration Tes t s  a t  room, LN2, and 
+ 500 O F  t empera tures .  A number of discrepancies  in fabrication 
were  found. 
All th ree  types of semipermanent connections, with s t r i c t e r  
manufacturing quality control, appear to  be equally suitable for space 
vehicles.  The limitations found in the corrosion and vibration testing 
should be taken into consideration in application of the connections . 
SECTION I .  INTRODUCTION 
This  t e s t  p rogram was initiated to  investigate the ability of 
the semipermanent tube connections, a s  fabricated by R-ME-MW, to 
mee t  space vehicle requirements  (Ref. 1). Three  types of connections 
(Aeroquip brazed, GE brazed, and MSFC welded) were  subjected to  a 
variety of environmental t e s t s .  The following definitions will be used 
in this report:  the "fitting" i s  the outer sleeve o r  connecting member,  
and the "connection" i s  the assembly, consisting of the two tubes and 
the fitting. 
All of the assembly, welding, and brazing operations on the 
connections were  performed by the Manufacturing Engineering Labora- 
tory,  R-ME-MW, of the Marshal l  Space Flight Center .  The Aeroquip 
fittings were  designed and supplied by Aeroquip, using production tools.  
The GE fittings were  designed by GE and made in smal l  quantities with 
shor t -  r un tooling by outside suppliers . Aeroquip (cornmer cial) and 
GE (development contract)  brazing tools were used to join the brazed 
connections (Refs .  2 and 3 ) .  R-ME-MW designed the MSFC welded 
tube connections and used TIG welding tools to join the connections 
with a single-pass weld (Ref. 3 ) .  The automatic TIG welding tools 
(Orbit-Arc or Astro-Arc)  utilized an electr ic  a r c  which rotated about 
the fi t t ings.  Diametral  tolerances on commercial  s ta inless  s teel  
tubing a r e  normally too loose for  good semipermanent joints. The 
ends of the tubing in both the brazed and welded connections were 
s ized with expansion and swaging tools before being joined. 
Cross  sectional views and major  dimensions for  each connection 
a r e  shown in F igures  1 through 4. Typical connections a r e  shown in 
F igures  5 and 6 .  
Each t e s t  connection was subjected to a designated schedule of 
t e s t s ,  which were  basically divided into two different sequences.  The 
detailed test  program i s  shown in Table I (Aeroquip), Table 11 (GE), 
and Table 111: (MSFC) . Explanations of the t e s t  specimen identification 
code and of the details of each tes t  and tes t  sequence a r e  given in the 
t e s t  procedure (Appendix A). All tables and f igures  which have the 
prefix A a r e  located in Appendix A .  
The bulk of the testing was performed by R-P&VE-PE.  The 
vibration test  on the 3 / 4  inch size was accomplished by R-QUAL-ATE. 
The cor ros ion  testing was done by R-P&VE-MMC, the tensile testing 
by R-P&VE-MMM, and the metallographic examinations by R-P&VE- 
MMA . 
SECTION 11. DESCRIPTION O F  TESTS 
The t e s t s ,  in general,  were  performed in accordance with the 
t e s t  procedure (Appendix A). A few t e s t  sequences were revised 
because some of the t e s t  specimens originally programmed were  not 
manufactured . Actual tes t  sequence of each connection is  displayed 
in Tables  I through III. Deviations f r o m  the test  procedure a r e  listed 
in Paragraph B . 
A. T e s t s  
1 .  Corrosion T e s t .  The  specimens were  subjected to sa l t  
water  cor ros ion  by R-P&VE-MMC in an al ternate  immersion t e s t e r .  
This  immersion tes t  in a 3.5 p e r  cent sa l t  water solution was judged 
to be much m o r e  severe  than the atmospheric cor ros ion  to which these 
connections would normally be exposed. In o rde r  to f i t  into the t e s t e r ,  
the tubing specimen ends were  cut off, resulting in contact of both the 
inside and outside surfaces of the connections with the saline solution, 
2. Proof P r e s s u r e  T e s t .  P r e s s u r e  was supplied by a pneumatic 
p r e s s u r e  pump. The unit was a Futurecraf t  Corporation "Port-a-Pump,  ' 
Model No, 90105, Ser ia l  No. 104, with a range of 0 - 8000 ps i  delivery 
p r e s s u r e  (F ig .  A-3).  
3 .  Leak Tes t .  T e s t s  were  performed with the Consolidated 
Electrodynamic Corporation "CEC Leak Detector, Type 24- 120B, 
Se r i a l  No. 9525 (Figs .  7 and A-4). 
4 .  Storage T e s t .  The specimens were  clamped in racks  and 
exposed to atmosphere on the roof of Building 4619 (Fig.  8) .  
5 .  Extended Pressu r i za t ion  T e s t .  Gaseous nitrogen was used 
fo r  pressurizat ion (Fig.  A-3). 
6 .  LNZ Tempera ture  Soak Tes t .  The specimens were  
p res su r i zed  using 3000 ps i  helium and were  submerged in liquid 
nitrogen contained in a double-walled tank (Fig.  A-5). 
7 .  500 O F  Tempera ture  Soak T e s t .  The specimens were  placed 
in an oven ( temperature range 0 - 600 OF) and were  pressur ized  with 
helium (F ig .  A- 6 ) .  
8 .  Vibration T e s t  At Room Tempera ture  The -zjority of the 
specimens were vibrated on ei ther  the MB Model 025H o r  the Ling 
Model L-200 machine (F igs .  9, 10, 16, and A-7) .  
9. Vibration T e s t  At LN2 Tempera ture .  The s a m e  vibration 
equipment which was used in the room tempera ture  tes t  was also used 
in this t e s t .  Gaseous nitrogen was used fo r  pressurizat ion of the 
connections which were  submerged in liquid nitrogen while being 
vibrated (Figs .  11, 12, 15, and A - l o ) .  
10. Vibration T e s t  At 500 O F  Tempera ture .  The same  vibration 
equipment which was used in the room tempera ture  t e s t  was also used 
in this tes t .  Gaseous nitrogen was used for pressurizat ion.  Heat was 
applied by a 500-watt tubular quartz lamp with reflector,  Model 
HTL3558, made by Heat Technology, Inc . The power to  the lamp was 
controlled by an R .  I .  Controls Co . "Thermac Controller, " Model TC 
5 192. The thermocouple output was read f r o m  a "MiniMite" instru- 
ment  made by Thermo Elec t r ic  Co. (F igs .  13, 14, 16, and A-11). 
1 1 . Impulse T e s t .  Impulse tes t s  were  performed utilizing Pump 
and Reservoi r  Unit Model 9555DX f rom Cox Instrument Co. fo r  filling 
and circulating oil  through the specimen; a hydraulic pump unit f r o m  
Sun Electr ic  Co. a s  the power source;  a piston-type actuator with servo  
valve to drive the 1 1 /4-inch diameter  piston in the hydraulic cylinder, 
and the signal generator ,  Stata-Trak Model FGE 5124, f r o m  R .  I .  
Controls Co. The impulse wave was measured with a Dynisco p res su re  
t ransducer  and was recorded by Honeywell Visicorder Model No. 906A- 
25800H (F igs .  17, A-8 , and A-9) .  
12. Tensile T e s t .  Tensile testing was per formed by R-P&VE- 
MMM on a Riehle tensile t e s t e r .  
13. Metallographic Examination. Metallographic examination 
was performed by R-P&VE-MMA with the American Optical Metallograph. 
14. Burst  Tes t .  This tes t  was performed with a 125 - 30,000 psi  
Sprague Hydrostatic Pump, Type S216C-300. The p r e s s u r e  t ransducer  
used was a Dynisco Model PTl19B-ZOM, Ser ia l  No. 25310 (Fig.  A-12 ). 
B . Deviations F r o m  Tes t s  
1 .  Corrosion T e s t .  Tes t  specimens QA10601, QA30601, 
QA10808, QA30801, QA11601, QA31601, and QA32401 were  corrosion 
tested fo r  a per iod of 120 days.  The other 59 tes t  specimens were 
subjected to the cor ros ion  t e s t  for  the standard period of 180 days.  
2 .  Storage Tes t .  Tes t  specimens QA10403, QA10404, QA30403, 
QA30404, 0630403, and 0630404 were  subjected to the + 500 'F vibra-  
tion t e s t  a f t e r  completion of two y e a r s  in s torage .  The other 60 test  
specimens underwent the standard t e s t  sequence. 
3 .  Vibration T e s t  At Room Tempera ture .  Initially, testing 
commenced with a s t r e s s ,  a s  measured  by the unidirectional s t r a in  
gages,  of 22,500 ps i  (1  17 specimens) .  This represented the s t r e s s  
level in the outer  sur face  f i b e r s  of the tubing due to vibration,but did 
not include the s t r e s s  due to internal pressurizat ion.  Fa i lures  in 
testing brought a decision to reduce the measured  s t r e s s  to 20,000 ps i  
(3 specimens) and then to 18,000 ps i  (67 specimens) .  
4 .  Vibration Tes t  At LN2 Tempera ture .  Testing s ta r ted  with 
a vibration s t r e s s ,  a s  measured  by the s t ra in  gages, of 33,200 psi 
(32 specimens) .  The s t r e s s  was l a t e r  reduced to 26,500 p s i  
(1  0 specimens) .  
5 .  Vibration Tes t  At + 500 OF Tempera ture .  Testing s ta r ted  
with a vibration s t r e s s ,  a s  measured  by the s t ra in  gages, of 19,500psi  
(20 specimens) .  The s t r e s s  was reduced to 17, 600 ps i  (1 specimen), 
16,300 ps i  (3 specimens),  15,000 ps i  (23 specimens),  14, 600 psi  
(5 specimens),  13, OOOpsi (1 specimen),  and 12,000 psi  (4 specimens) .  
SEC TPON 111. TEST RESULTS 
Results of the individual tes t s  a r e  summarized in this section. 
The t e s t s  a r e  l isted in the o r d e r  shown in Tables I through XVI. 
A. Corrosion T e s t  
Sixty-seven specimens were  subjected to the 3.5 p e r  cent sal t  
water  a l ternate  immers ion  t e s t  (26 Aeroquip, 12 GE, and 29 MSFC 
specimens, Tables  I through 111). All of the Aeroquip and GE speci- 
mens corroded a t  the interface between the b raze  alloy and the fitting/ 
tubing (Figs .  18, 19, and 20). Seven of the twenty- s ix  Aeroquip 
specimens were  tested for  only 120 days instead of the standard 
180 days.  The extent of corrosion of the seven specimens was not 
consistent with the ratio of 120 to 180 days (exposure duration). None 
of these seven leaked af te r  the t e s t .  Two of the remaining nineteen 
Aeroquip (180 -day) specimens corroded sufficiently to leak a f t e r  the 
corrosion t e s t .  None of the 12 GE (180-day) specimens leaked. There 
was no evidence that the MSFC welded (180-day) connections corroded. 
Two of the twenty-nine welded specimens leaked, but this was attributed 
to porous welds, not corrosion.  This corrosion t e s t  is  probably much 
m o r e  severe  than the connections will experience in actual service.  
B .  Proof P r e s s u r e  Tes t  
There  were  no fai lures  among the 350 specimens which 
underwent the proof p r e s s u r e  tes t  (Tables I through 111). 
C.  Leak Tes t  
Two 1/4-inch s ize  MSFC welded connections leaked when 
received. These were  replaced with two new specimens which were  
assigned the original identification code numbers  of the two which 
leaked. There  were  no other fai lures  among the remaining 348 speci- 
mens  which underwent the leak t e s t  (Tables I through 111). 
D .  Storage Tes t  
There  were  no leaks,  evidence of damaging corrosion, o r  any 
other detr imental  effects noted on the 66 specimens (Tables I through 
111) subjected to the two-year outdoor s torage t e s t  (F ig .  8). 
E.  Extended Pressur iza t ion  Tes t  
There  were  no fa i lures  among the 194 specimens which 
underwent the extended pressurizat ion t e s t  (Tables I through III). 
F .  L N 2  Tempera ture  Soak Test  
There  were  no fa i lures  among the 194 specimens which 
underwent the LN2 tempera ture  soak test  (Tables I  through 111). 
G .  + 500 O F  Temperature Soak Tes t  
There  were no fa i lures  among the 193 specimens which 
underwent the + 500 O F  t empera tu re  soak test  (Tables I  through 111). 
H.  Vibration Tes t  At Room Temperature 
The room tempera ture  vibration test  was conducted on 193 
specimens (Tables IV through VI). A summary  of the test  data is 
shown in F igures  39, 40, and 41. Photographs of specimens which 
were  subjected to this  t e s t  a r e  shown in F igures  22, 23, 24, 30, 31, 
33, and 34. Metal hardness  (after the vibration test)  a t  various loca- 
tions in the c r o s s  sections of three connections is  shown in F igure  37. 
An objective of the vibration test  was the determination of a 
s t r e s s  value to which the tube connections could be subjected success-  
fully for  300,000 cycles.  The number of cycles was based on an 
a rb i t r a r i ly  chosen resonant frequency of 1000 Hz f o r  a vehicle flight 
duration of 5 minutes (300 seconds) a t  the resonant frequency. When 
fa i lures  occurred at a selected s t r e s s  value, subsequent tes ts  were 
performed at a lower s t r e s s  value.  Because of the limited number of 
t e s t  specimens and the long time required for the vibration tests  and 
fai lure  analysis,  the difference between the s t r e s s  value at  which 
specimens failed and the new selected s t r e s s  value was sometimes 
l a r g e r  than des i red .  
The recommended vibration design s t r e s s  l imits  fo r  300,000 
cycles ,  effective for a l l  three types of connections a r e  l isted on the 
following page: 

The s t ra in  measured  by the s t r a in  gages was converted into 
s t r e s s  a s  shown in F igures  39: 40: and 41. The -measured s t r e s s  
values were  decreased by approximately 10 - 20 p e r  cent and listed in 
the above table under "Vibration S t r e s s , "  The values were  decreased 
a s  a safety factor  because some s t r e s s  values were  obtained by inter-  
polation (since no t e s t  data  were  available) and in some cases  the 
number of specimens tested a t  the chosen s t r e s s  levels was ra ther  
s m a l l .  The "Vibration St ress"  l isted i s  due to bending only, because 
the s t r a in  gages were zeroed a f t e r  pressurizing the connections. The 
longitudinal s t r e s s ,  due to p r e s s u r e  acting on the ends of a closed 
cylinder, was calculated (varying with p res su re ,  wall thickness, and 
d iameter )  and listed under " P r e s s u r e  S t r e s s  ." The "Vibration S t re s s ,  
and " P r e s s u r e  S t ress"  values were  added together, with the resu l t s  
l is ted under "Total ~ t r ' e s  s . " The resulting data a r e  conservative.  
The influence of Poisson ' s  ra t io  i s  neglected. The highest s t r e s s  is  
a t  the junction of the outside diameter  of the tube and the end of the 
fitting, due to the discontinuity a t  the abrupt change in c r o s s  section. 
The  s t ra in  gages were located a s  closely a s  possible to the fitting 
(Fig .  9 ) ,  but could not measure  the peak s t r e s s  a t  the change in c r o s s  
section, where the s t r e s s  i s  grea tes t  and the vibration fatigue c racks  
s ta r ted .  
I .  Vibration Tes t  At LN2  Temperature 
The L N 2  tempera ture  vibration tes t  was conducted on 45 
specimens (Tables IV through VI). A summary  of the t e s t  data is  
shown in F igures  39, 40, and 41. A photograph of a specimen which 
was subjected to this t e s t  i s  shown in Figure 21. Results of the LN2  
tempera ture  t e s t  a r e  combined with the resul ts  of the vibration t e s t  
a t  room temperature in Section I11 . H a  
3 .  Vibration T e s t  At + 500 OF Tempera ture  
The + 500 O F  t empera ture  vibration t e s t  was conducted on 5 7  
specimens (Tables IV through VI). A summary  of the test  data is  
shown in F igures  39, 40, and 41. Photographs of specimens which 
were  subjected to this tes t  a r e  shown in F igures  25 - 29, 32, and 35. 
Resul ts  of the + 500 O F  t empera ture  t e s t  a r e  combined with the resu l t s  
of the vibration test  a t  room temperature in Section 111. H.  
K .  Impulse Tes t  
There  were  no fa i lures  among the 194 specimens which 
underwent the impulse t e s t  (Tables  I through 111). 
I 
L, Tensile Tes t  
A tensile t e s t  was conducted, af ter  the vibration test, on 
95 specimens (Tables VII through IX). ResuPts of tensile tes ts  on 
control specimens and one-piece straight tubing sections (neither type 
subjected to vibration tests) a r e  listed in Table X ,  Photographs of s ix 
test  connections af ter  completion of the tensile tes t  a r e  shown in 
Figure 36. Tensile test  results a r e  summarized in Figures 42, 43, and 
44. The t e s t  connection specimens in al l  cases  failed a t  a lower tensile 
s t r e s s  than the average of the straight tubes without connections. The 
wide " scat ter"  between individual connection tensile s t r e s s  results is 
believed to be caused by discrepancies in fabrication. No significant 
difference was noted in resul ts  of tensile tes ts  conducted on connections 
which were  vibrated and those which were not vibrated. 
M . Metallog raphic Examination 
A metallographic examination was conducted on 195 specimens 
(Tables XI through XIII) . Photographs f rom the metallographic exami - 
nations a r e  shown in Figures 18 through 35. Under "Results" in the 
tables, i t  may be. seen that al l  of the Aeroquip and GE brazed connec- 
tions which were subjected to  the corrosion tes t  did corrode, but the 
MSFC welded connections did not corrode.  Also indicated under 
"Results" a r e  the specimens in which a fatigue crack was detected. 
Discrepancies in fabrication a r e  noted in the tables . Figures 30 and 3 1 
illustrate apparent weak spots in the wall thickness of the fitting. The 
specimen in Figure 30 appears to have been made according to the 
dimensional table of Figure 2, where the one-inch size i s  unique in 
having Dimension "B" larger  than Dimension "G." The specimen in 
Figure 31 was assembled with a la rger  gap (Dimension "B") between 
the ends of the tubes than specified in the table of Figure 2 .  
N .  Burst P r e s s u r e  Test 
A burs t  p ressure  test  was conducted on 141 specimens 
(Tables XIV through XVI). All specimens successfully passed the 
burst  p ressure  t e s t .  
SECTION IV. CONCLUSIONS 
All three types of semipermanent tube connections (Aeroquip 
and GE brazed, and MSFC welded) gave good results during the 
following tests:  Proof Pressure ,  Leak, Storage, Extended Pressur iza-  
tion, LN2  Temperature Soak, + 500 OF Temperature Soak, Impulse, 
Tensile, and Burst P r e s su re .  
In the corrosion tes t  all  of the brazed connections were corroded 
af ter  the alternate immersion test  in salt water;  however, they did not 
corrode during the two-year outdoor storage tes t .  The welded connec- 
tions were not corroded after the alternate immersion tes t  in sal t  water .  
This test  i s  more  severe than normally encountered by the connections 
in service.  
In the three vibration tests  at  room, LNz , and + 500 O F  
temperatures,  values for  allowable s t resses  for  the different s izes and 
environmental conditions were tabulated. However, by testing more  
specimens manufactured under more  closely controlled conditions, and 
especially other s izes which were not available during this test  program, 
it may be possible to allow higher s t r e s s  values during vibration. 
In the metallog raphic examination, several  discrepancies in 
fabrication were discovered. These included improper insertion depth 
of tube into fitting, improper clearance between tube and fitting, 
improper braze flow (probably because of insufficient heat during 
brazing o r  lack of cleanliness), nonuniform o r  off-center welding seams,  
etc .  Some of these discrepancies a r e  not readily detected after fabri-  
cation; therefore, it is  mandatory that the manufacturing process be 
controlled very closely. 
All three types of semipermanent connections,with s tr ict  
manufacturing quality control, appear to be equally suitable f o r  space 
vehicles. The limitations found in the corrosion and vibration testing 
should be taken into consideration in application of these connections. 
- Braze F i l l e r  
Metal Cavity 
FIGURE 1 DIMENSIONAL SKETCH O F  AEROQUIP BRAZED 114" TO 314" 
T U B E  CONNECTION 
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FIGURE 4 DZMENSIONAL SKETCH OF' MSFC WELDED l/4" TO 1 1/ 2' '  TUBE 
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FIGURE 18 CORROSION AT BRAZE ON 3/4" TUBE, 
GE CONNECTION QG 11201 (15X) 
FIGURE 19 CORROSION - O'JTER END O F  BRAZE ON 314" TUBE, 
GE CONNEGTION QG 11201 (lOOX) 
FIGURE 20  CORROSION - INNER END OF BRAZE ON 3/4" TUBE, 
GE CONNECTION QG 11201 (lOOX) 
FIGURE 21 BENT AEROQUIP CONNECTION FAILURE ON 314" TUBE, 
CA 31202 (2 1 / 2 ~ )  

FIGU 
NOTE: Dimension "A" should be aligned with dimension "B". 
FIGURE 2 4  BRAZED TUBING MISFIT ON 3/4" TUBE, 
GE CONNECTION QG 11208 (15X) 
FIGURE 25  FATIGUE CRACK FAILURE A F T E R  VIBRATION, 
1 /4"  AERGQUIP CONNECTIGN CA30406 (50X) 
FIGURE 26 FATIGUE CRACK FAILURE A F T E R  VIBRATION, 
1/41! G E  CONNECTION CG 30406 (50x1 
FIGURE 27 FATIGUE CRACK INITIATION A F T E R  VIBRATION, 
:/4" PJISFC CONNECrl?IOI\! C S  30419 (50QX) 
FIGURE 2 8  F A T I G U E  CRACK F A I L U R E  A F T E R  VIBRATION, 
1 1 / 2 "  M S F C  CONNECTION CS 32407 (15X) 
F I G U R E  2 9 FATIGUE CRACK F A I L U R E  AF 'TER VIBRATION, 
1 1 / 2 "  M S F C  CONNECTION CS 32410 (15X) 
FIGURE 30 CROSS SECTION O F  1" AEROQUP CONNECTION, Q.A 31608 
FIGURE 31 CROSS SECTION O F  1 114" AEROQUIP CONNECTION, QA 12007 
ear 
ing 
FIGURE 32 CROSS SECTION O F  1 1/ 4" GE CONNECTION, QG 32001 
FIGURE 3 3  CROSS SECTION O F  1 1 / 2 "  MSFC CONNECTION, QS 12408 
FIGURE 3 4  CROSS SECTION O F  1 1 1 4 "  MSFC CONNECTION, QS 12008 
FIGURE 35 CROSS SECTION O F  1 1 / 2 "  MSFC CONNECTION, CS 32406 
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%%xperfman&al results of vfbtatiotn tes%; eompfetf~n of 300,000 syeles of el tor& 
mtiaa(3tensileand eomgressbve stresses as shown, measured by strain gages muwtsd 
p ~ e l b e l  to the C.rabi% o w f ~ ,  Tubes prrsa;raurized to 1500 or 3000 pal%$, 
Experjlmentell results of vibration test; ccsraplsLion sf 300,000 eyelea csf alter- 
natingtensile and cmpressive stresses ae shorn, measwed By strafn gages mounted 
parallel to the tubing axis. Tubes pressurized to 1500 or 3000 psig, 
TubPog Wtslda Dhegcr (in.) 
Experimental results  of vibration test;  cotnpletion of 300,000 cycles of a l ter-  
lnrtingtensile and compressive stresses as shown, measured by strain gages mounted 
parallel  t o  the tubing axis.  Tubes pressurized to  1500 or 3000 peig. 
t room tanperature 
Experhental resubes of u l t b t e  t ens i l e  t e s t s  $ram Tables VU: and X 
o Zndividual c~nnectione a f ter  vibration tes t s ,  
80 Average o f  desigmeed rrrmber A co~nectiorae which were not sub- 
Jected Lo vibration t e s t .  
@ Average of desiglured omber of a traighr tubes (no connect ions). 
4% S OF URQWIP BWAZB CONMEGSiIQN TENSILE TESTS 
44 
Experimental results of ultimate tensile tests  from Tables VIP1 and X 
o Individua l connections s f  ter vibration test  . 
WAverage of designated nmber of connections which were not sub- 
jected to vibration test .  
@ Average of designeted nmber of s traight tubes (no connections). 
Tubing Outside Diameter (in. ) 
FIGURE 43 S OF G.E. BlRAZED GONNEmPW TENS'PU 'FESTS 
Bxgerhen%al reeukts s f  u i i t h t e  t ens i l e  testel from Table81 IX and X 
o IndhviduL connections after  vibration t e s t , .  
Average of designated nmbsr of connect:ions which are not sub- 
jected to vibration. 
Q ~ v e r a ~ e  of designseed nmbr!r of straight tubes (no connections). 
Pcpbkq h h s i d e  D-eter ( i n . )  
TABLE I 
TABLE I (Continued) 
TABLE I (Continued) 

TABLE I (Concluded) 
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TABLE I11 (Continued) 
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APPENDIX A 
TEST PROCEDURE FOR 
B R A Z E D  AND WELDED TUBE CONNECTION TEST PROGRAM 
A.  Purpose  
Evaluate the ability of the brazed and welded tube connections 
to meet  space vehicle requi rements .  Obtain a comparison of fabr i -  
cating procedures  developed by Aeroquip Corporation and General  
~ l e c t r i c .  Corporation (brazed connections) and by R-ME-MW (welded 
connections).  
B .  Tes t  I-lardware 
Table A-I l i s t s  the t e s t  hardware .  The connections will be 
fabr ica ted  by R-ME-MW. Divide the tes t  hardware  into two sections,  
thin wall  fo r  a working p r e s s u r e  s f  1500 psig, and thick wall fo r  a 
working p r e s s u r e  of 3000 psig .  The tubing i s  118 hard,  Type 321 
s ta in less  s tee l .  
6 .  Tes t  Sequence 
The t e s t  sequence is shown in F igures  A- l and A - 2 .  The 
n w b e r  of connections experiencing each tes t  is  a l so  detailed.  Tes t  
and analysis  of a l l  114-inch connections (100 each) will be completed 
before  testing other s i ze s .  
D . Nomenclature 
The following nomenclature for  p r e s s u r e s  will govern throughout 
th i s  t es t :  
Nomenclature 
E . T e s t  Spec imen  Identif icat ion Code 
Table A-I  l i s t s  the quantity of connections of each s i z e  and wal l  
t h i cknes s .  T h e  sequence of t e s t s  ("Q" o r  "C") of each connection g roup  
is  a l s o  indicated.  Each  t e s t  connection wil l  be  identified a s  i l lus t ra ted  
below: 
1 .  B r a z e d  Connections 
T e s t  Sequence ("Q", F i g .  A- 1 ,  
o r  "C", F i g .  A-2) 
Manufac tu re r  (Aeroquip o r  GE) 
P r e s s u r e  Rating (1500 o r  
3000 ps ig)  
Outs ide  D iame te r  in 1 / 1 6  in .  
(4 to 24) 
Sequential  Number  (01 to 10) 
C o r a  A o r G  l o r 3  04- 01- 
24 10 
Example :  QA10801 
Q - T e s t  P e r  T e s t  Sequence "Q" 
A - Aeroquip  Fit t ing 
1 - 1500 ps ig  (thin wal l )  
08 - 112 in .  O . D .  
01 - F i r s t  Spec imen  
2 .  Welded Connections 
-- Test  Sequence ("Q", P i g .  A - l  , 
o r  "C", Fig .  A-2 ) 
-. Fitting Type (Sleeve) 
P r e s s u r e  Rating (1500 o r  
3000 psig) 
Outside Diameter in 1/16 in. 
(4 to  24) 
I 
Sequential Number (01 to 20) 
Example: CS3 1207 
C - T e s t  P e r  Tes t  Sequence "C" 
S - Sleeve Joint 
3 .- 3060 psig (Thick Wall) 
12 - 314  in. O . D .  
07 - Seventh Specimen 
P .  Fai lure  
1 ,  A tes t  connection will be considered to have failed if it leaks 
o r  if damage occurs  ( a s  a resul t  of testing) that impairs  i ts  use a s  a 
tubing connection, except a s  a resul t  of destructive t e s t .  
2 .  If a connection fai ls ,  remove it f r o m  test  and subject it to 
visual and metallurgical inspections. Record findings of inspection, 
emphasizing any differences between failed and adequate connections. 
G .  Assembly 
l .  F l a r e  tube ends of each tes t  connection (except a s  noted in 
G.  3 )  with Leonard Flar ing Machine o r  orbital  adapter .  Fit t ings may 
be welded to the ends of l a r g e r  s izes .  
2 .  Establish proper  machine settings with non-test tubing p r io r  
to flaring tes t  hardware .  
3 ,  Reserve  connection No. 1 and No. 2 of each group scheduled 
for  t e s t  pe r  F igure  A- 1 f o r  cor ros ion  test. Do not f la re  tube ends 
of these connec t~sns .  Cut to proper  length a s  required by R-P&VE-MMC. 
H .  Procedure 
a .  Immerse  connections in 3 .5  per  cent sodium chloride 
solution for  10 minutes.  
b. Withdraw connections f rom solution for 50 minutes.  
c . Repeat irnrners ion-withdrawal cycle for  180 days.  
d ,  After completion of test, subject to metallographic 
inspection. (Paragraph H .  13) 
a .  Pe r fo rm Proof P r e s s u r e  Tes t  of Paragraph H .  3 and 
Leak Tes t  of Paragraph H.4 on connection No. 3 and No. 4 of each 
group. 
b.  Place connection No. 3 and No. 4  in outdoor s torage.  
c .  After 12 months, remove connections f rom storage, 
visually inspect and per form Leak Tes t  pe r  Paragraph H . 4 .  
d. Return connections to storage for  remaining 12 months. 
e .  At end of 24 months, remove connections f rom storage, 
visually inspect, per form Leak Tes t  pe r  Paragraph H . 4  and then 
Burs t  Tes t  per  Paragraph H .  14, 
Proof P r e s s u r e  Tes t  
a .  Assemble connections of each test  group in setup of 
Figure A-3 . 
b .  P ressu r i ze  with dry  a i r  of GN2 to proof p ressu re  
specified in Paragraph D.  
c .  Monitor proof p ressu re  for  five minutes.  
d .  Relieve p ressu re ,  inspect for  distortion o r  physical 
damage. 
e ,  Pe r fo rm Leak T e s t  per  Paragraph H . 4 .  
4 .  Leak T e s t .  This  shall be per formed pe r  one of the test  
setups shown in F igure  A - 4  with jaj the  ass Spectrometer Method 
prefer red ,  and (b) the Water Displacement Method used a s  an al ternate  
method. Eliminate leakage of non-test joints by any means available, 
such as  copper c rush  washers  o r  Teflon dispersion sealing compound. 
a .  Mass Spectrometer Method 
(1) Attach connection to m a s s  spectrometer  to subject 
tubing inter ior  to high vacuum. 
(2) Apply helium gas to exter ior  of each connection 
separately.  
b.  Water Displacement Method 
(1) P r e s s u r i z e  connection assembly with helium to 
10 psig and submerge in water .  
( 2 )  Increase  p res su re  to  value of Paragraph &a (working 
p res su re )  and collect leakage bubbles f r o m  each connection f o r  
20 minutes.  Depressur ize  . 
Extended Pressur iza t ion  
a .  Install  connection in test setup per  F igure  A-3. 
b .  P r e s s u r i z e  connection to working p res su re  of Paragraph 
E) and maintain for  72  hours .  Depressur ize ,  
c .  P e r f o r m  Leak Tes t  per  Paragraph H . 4 .  
a .  P r e s s u r i z e  connection to l 0  psig with helium and 
submerge in LN2 tank a s  shown in Figure A-5. 
b. Increase  to value of working p r e s s u r e  in Paragraph D.  
Supply constant p r e s s u r e  to connection for  30 minutes while tempera ture  
s tabi l izes .  
c .  Maintain p res su re  for 30 additional minutes.  Depressur ize .  
d .  P e r f o r m  Leak Tes t  per  Paragraph H . 4 .  
7. 
a. Assemble setup of' F igure  A-6.  
b. P r e s s u r i z e  with helium to 500 psig and increase oven 
tempera ture  to 500 OF. 
c .  After oven temperature reaches 500 O F ,  p r e s su r i ze  to 
working p r e s s u r e  a s  shown in Paragraph D.  Supply constant p r e s s u r e  
( o r  vent) for  30 minutes while tempera ture  stabilizes.  
d .  Maintain p r e s s u r e  f o r  30 additional minutes.  Depressurize.  
e .  P e r f o r m  Leak T e s t  p e r  Paragraph H . 4 .  
8 .  Vibration T e s t  At Room T e m ~ e r a t u r e  
a .  Install  a single connection pe r  one of the setups of 
F i g u r e  A - 7 .  
b. Subject the connection to sinusoidal vibration. Scan the 
frequency range a t  low level input to determine the p r imary  resonant 
frequency. 
c .  Slide the adjustable weights to obtain equal output f rom 
each of the two s t r a in  gages adjacent to the fitting. 
d .  P r e s s u r i z e  with gaseous nitrogen to working p r e s s u r e  
a s  shown in Paragraph D and lock in p r e s s u r e .  
e .  S t a r t  vibrator and monitor readout f r o m  s t ra in  gages.  
Increase  force input f r o m  vibrator  until a peak s t r e s s  value of 
22,500 ps i  is  indicated on the s t ra in  gages.  (Note: This i s  equivalent 
to 865 microinches /inch s t rain,  using a value of 26,000,000 fo r  the 
modulus of elasticity).  
f .  Vibrate for  a total  of 300,000 cycles.  Depressur ize .  
g .  P e r f o r m  Leak T e s t  p e r  Paragraph H . 4 .  
a. Assemble setup of F igure  A-8. 
b.  Using hydraulic oil, subject tes t  assembly to 1000 
impulse cycles a t  35 cycles per minute ( s e e  Fig .  A - 9 ) .  
c .  Remove t e s t  assernbly f r o m  setup,  
4%. Clean specimen ultrasonically with F- l 13 Freon.  Dry 
in oven at I50 "F f o r  2 hours .  
e ,  P e r f o r m  Leak Tes t  pe r  Paragraph H,4 .  
a .  Install  a single connection p e r  one of the setups of 
F igure  A-10. 
b .  Subject the connection to simusoidal vibration. Scan the 
frequency range a t  low level input to determine the p r imary  resonant 
frequency. 
c .  Slide the adjustable weights to obtain equal output f rom 
each of the two s t r a i n  gages adjacent to the fitting. 
d ,  P r e s s u r i z e  with gaseous nitrogen to working p res su re  
as shown in Pa rag raph  D .  
e ,  Supply liquid nitrogen to t e s t  setup until liquid appears  
at  cooldown valve outlet .  
f .  Close cooldown valve, continue Slow until liquid nitrogen 
appears  a t  overflow valve. Adjust valve to maintain liquid nitrogen 
level a t  overflow leve l ,  
g , After tempera ture  stabilizes,  lock in gaseous nitrogen 
to working p r e s s u r e  a s  shown in Paragraph D. 
h .  S tar t  vibrator  and monitor readout f r o m  s t ra in  gages.  
Increase  f a r c e  input f r o m  vibrator  until a peak s t r e s s  value of 
33 ,200  psi  i s  indicated on the s t ra in  gages.  (Note: This  is  equivalent 
to 1 ,  125 micrsinches/ inch s t rain,  using a value of 29,500,000 for  the 
modulus  of e last ic i ty) .  
i .  Vibrate for  a total of 300, 008 cycles .  Depressurize.  
j ,  P e r f o r m  Leak Tes t  per  Pa rag raph  W . 4 .  
a, Install  a single connection p e r  one of the setups of 
F i g u r e  A- 1 1. Shield thermocouples and s t r a i n  gages f rom direct  heat 
radiation. 
b .  Subject the connection to s inusoidal  v ibra t ion .  Scan 
t h e  frequency range  a t  low level  input to de te rmine  the  p r i m a r y  
resonan t  f requency . 
c .  Slide the  adjus table  weights  to obtain equal  output f r o m  
e a c h  of the two s t r a i n  gages  adjacent  to the  f i t t ing.  
d .  P r e s s u r i z e  with gaseous  n i t rogen to working p r e s s u r e  
a s  shown in P a r a g r a p h  D.  
e .  Adjust e l e c t r i c a l  power  to  hea t  l a m p s  to obtain f 500 O F  
t e m p e r a t u r e  a t  t e s t  f i t t ing.  
f .  After  t e m p e r a t u r e  s t ab i l i zes ,  lock in gaseous  n i t rogen 
working p r e s s u r e  a s  shown in P a r a g r a p h  D .  
g , S t a r t  v ib ra to r  and moni to r  readout  f r o m  s t r a i n  gages .  
I n c r e a s e  f o r c e  input f r o m  v i b r a t o r  until a  peak s t r e s s  value of 
15 ,000 p s i  is  indicated on the s t r a i n  g a g e s .  (Note: T h i s  i s  equivalent 
t o  640 m i c r o i n c h e s / i n c h  s t r a i n ,  using a value of 23,400,000 f o r  the 
modulus  of e l a s t i c i ty ) .  
h .  Vibra te  f o r  a  total  of 300, 000 c y c l e s .  D e p r e s s u r i z e .  
i .  P e r f o r m  Leak  T e s t  p e r  P a r a g r a p h  H . 4 .  
12.  T e n s i l e  T e s t  IR-P&VE-MMM) 
a .  Modify length and tube ends  of spec imens  a s  r eques ted  
by R-P&VE-MMM. 
b .  Es tab l i sh  s t r e s s - s t r a i n  re la t ionship  to f a i l u r e  ( r u p t u r e ) .  
a .  Inspect  each  connection f o r  locat ions of g r o s s  f a i l u r e s .  
b .  Each  connection will  then be sect ioned,  polished,  and 
mounted f o r  m i c r o s c o p i c  examinat ion  by R-P&VE-MMA p e r  s t andard  
p r o c e d u r e s .  The number  of sec t ions  and locat ion f o r  e a c h  connection 
wil l ,  in genera l ,  be left  to the d i sc re t ion  of R-P&VE-MMA.  
14.  B u r s t  P r e s s u r e  T e s t  
a. Assemble  se tup of F i g u r e  A-12.  
b .  During initial fill  with water ,  eliminate a l l  a i r  f r o m  
high p r e s s u r e  sys t em.  
c ,  P r e s s u r i z e  connection to proof p r e s s u r e  a s  l isted in 
Paragraph D and hold for  5 minutes.  
d .  Increase  p re s su re  to bu r s t  p r e s s u r e  a s  l isted in 
Paragraph  D and hold for  5 minutes ,  
e .  Increase  p re s su re  in 500 p s i  increments until rupture 
occurs  or p r e s s u r e  limit of t e s t  equipment i s  reached. Record fa i lure  
p r e s s u r e .  
TABLE A - I  
TABLE A-II. 
See Figure A-7 for support distance "D". 
Fabricatioia and Inspection - 10 each 
Metallographic Examination 
FIG.  A -  E SEQUENCE OF TESTING FOR T E N  SPECIMENS (BRAZED AND 
WELDED)  O F  EACIt-I SIZE AND PRESSURE LEVZL,AS INDICATIZD 
I N  TABLE A-1.  
TEST S E Q U E N G E  I S g ; "  
314" and 1 1 /2I t  Dia, Welded and 2!411; '3!4'\ arrd 1 1,!2" Dia, Brazed 
Connections 
Prosf - 10 each 
I Vibration (LN2 Temperature) 
Burst 
I 1 each 
Metallographic Examination 
1 /4" Welded Connections 
Proof - 20 eac 
FIG.  A - 2  SEQUENCE OF T Z S T E N C  FOR THE REMADNImG B M Z E B  
AND WELDED SPECWENS AS INDICATED IN TABLE A-X 
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